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The growing demands for wireless communication services pose new 
challenges in the coming generation of cellular networks design. In Third 
Generation Partnership Project (3GPP) Long Term Evolution (LTE) 
networks, ever-higher data rate and energy efficiency (EE) are required 
to meet the increasing demands in cellular traffic. High data rates can be 
achieved, however, it requires high level of energy consumption which 
needs to be controlled especially in this era of green communication 
trends. The energy consumption of cellular networks worldwide has 
become a major obstacle to the continued future development of mobile 
data services, considering that the number of mobile phone users 
worldwide has already surpassed 4 billion and as the near exponential 
increase of data traffic carried over mobile networks continues, mobile 
network operators are faced with rapidly increasing energy costs and 
regulatory pressures to reduce their carbon footprint to operate more 
“green” networks. Hence, efficient solutions are necessary to optimize 
EE and at the same time achieve high data rates to meet green LTE 
requirements. This thesis proposed an efficient algorithm, namely, the 
Quality of Service (QoS) and Energy Efficient Aware (QEEA).  The goal 
of QEEA is to achieve maximum throughput and improve the EE by 
using low transmitted power (43 dBm) which is the lowest power setting 
according to the 3GPP LTE specifications. This algorithm considers the 
head of line (HOL) delay, achievable throughput, past average throughput 
and transmitted power. Basically, the QEEA is based on the Time Domain 
The frequency content of recorded electroencephalogram (EEG) signals 
plays an important role in describing the signals and also the state of the 
brain. It is found that the emitted of radiofrequency (RF) radiation energy 
due to the usage of mobile phones contributes to the changes of brainwave 
signals. Nevertheless, it is yet to be determined the effects of RF exposure 
to human’s health that related to the brain based on EEG and intelligent 
approach. Therefore this thesis proposed a novel approach for recognizing 
the characteristics of brainwave signals due to mobile phone RF exposure 
using intelligent techniques. The presented thought recognition methodology 
utilises correlation and asymmetry features between EEG and RF exposure 
and integrated with feed-forward Artificial Neural Networks (ANN) for 
classification. The procedures involved EEG recording at the frontal; left 
and right head and have been conducted in three sessions namely Before, 
During and After RF exposure. The duration of each session is five minutes. 
Ninety five volunteers involved in this study and they are divided into 
three exposure groups, which categorised as Left Exposure (LE), Right 
Exposure (RE) and Sham Exposure (SE) group. The RF exposure used in 
the experiment is sourced from a mobile phone with operating bandwidth 
between 0.9 to 2.2 GHz with 0.69 W/kg SAR rate. Then, the analysis to 
observe the brain hemisphere dominance due to the mobile phone RF 
exposure has been carried out through the Power Asymmetry Ratio (PAR) 
features. It involves four major sub bands of brainwaves which are Alpha, 
37
38
(TD) and Frequency Domain (FD) scheduling where it is dependent on 
the QoS requirements to allocate resources. The proposed algorithm is 
compared against other scheduling algorithms, namely, the Channel and 
QoS Aware (CQA), Priority Set Scheduler (PSS), Proportional Fair (PF), 
Maximum Throughput (MT) and Blind Average Throughput (BAT). The 
simulation process was conducted using Network Simulator-3 (NS-
3) and the performance of these packet scheduling algorithms were 
evaluated based on the performance metrics of throughput, delay, packet 
loss ratio (PLR), energy consumption rate (ECR), and EE for the voice 
over IP (VoIP), video and File Transfer Protocol (FTP) applications. 
The results showed that the QEEA algorithm outperformed the other 
algorithms as it could achieve up to 18% of maximum throughput, 
27% reduction in ECR, and 36% improvement in EE in terms of radius 
ranging from 200 m to 1000 m. In terms of number of users in the 
cell, the algorithm could achieve up to 240% of maximum throughput, 
61% reduction in ECR and 150% improvement in EE. Thus, it can be 
concluded that QEEA algorithm is the most energy efficient and the best 
candidate for provisioning the QoS for the real time (RT) and non-real 
time (NRT) applications.
Beta, Theta and Delta. Furthermore, ANN models have been developed 
for three sessions (Before, During and After) of RF exposure. The inputs 
consist of four sub bands of EEG asymmetry features, whereas the discrete 
output will be either LE, RE or SE for each of the model. The proposed 
method of PAR features achieves significant pattern for different exposure 
groups (LE, RE and SE) in Before, During and After RF exposure sessions. 
It is discovers that lower correlation but higher PAR score obtained in LE 
and RE groups due to the RF exposure. Hence, it indicates unbalanced 
brain cognitive function. The result also reveals that the ANN modelling 
can classified the significant PAR features correspondingly to the RF 
exposure groups. The result showed that ANN model for During session 
has excellent accuracy with 100% of training and 94.74% of testing data, 
which outperformed the Before and After session models. This finding 
established that using asymmetry features and ANN modelling, different 
and irregular behaviour pattern can be recognised between the EEG signals 
on the effect of RF exposure. To summarise, this study has successfully 
presented the classification of brainwave signals due to RF exposure via 
asymmetry and ANN modelling. 
